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(g) Whipstock orientation method and system. 

@ A deflecting tool or whipstod^ is oriented and 
ancliored In a well casing during a single trip of 
a mnnlng string so that a window can be for- 
med in the wall of the casing at a selected 
azimuth. The angular orientatbn of the deflect- 
ing tool is measured, and signals representative 
thereof are transmitted to the surface. When the 
desired orientation is obtained, the anchor is 
actuated to prevent movement of the deflecting 
tool, and the orientation adjusting and 
measurement and transmission tools are re- 
leased from the whipstodc and removed from 
the casing by withdrawing the mnning string 
which preferably is coiled tubing. Then a dow- 
nhole motor and milling bit are run Into the 
casing on coiled tubing and operated to form a 
window through the wall thereof opposite the 
deflection surface of the whipstock so that a 
new lx>rehole can be drilled outside the casing. 
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This invention relates generally to methods and 
tools for forming a window at a certain azimuth 
through the wall of a well casing so that a new bore- 
hole can be drilled outside the cased borehole, and 
particularly to new and Improved methods and tools 
of the type described where a deflection tool or whip- 
stock can be oriented and anchored in the casing in 
a single trip of a running string Into the well. 

In order to drill a new borehole that extends out- 
side an existing cased wellbore in order to side track 
junk or drill toward another production target, the usu- 
al practice Is to use a work string to run and set an 
anchored whipstock. If desired, a length of the casing 
where the whipstock Is to be set is filled with cement, 
and a downhole motor and bit are used to drill a hole 
that deviates over to one side of the casing. After a 
whipstock has been set in the cemented region, a drill 
string and milling bits are used to cut out the window 
so that a new borehole that extends through the win- 
dow can be drilled outside the casing. The anchor 
provides a platform that prevents downward move- 
ment of the whipstock whose deflection face is orient- 
ed at a desired azimuth prior to setting the anchor by 
rotating the work string at the surface. Then a starter 
mill on the lower end of the work string is used to cut 
an initial window through the casing wall opposite the 
deflection surface, and then the work string and star- 
ter mill are removed from the wellbore to allow a drill 
string having a window mill to be run In and rotated to 
enlarge the size of the window. Still another trip of the 
drill string typically is used to run a different type of 
window mill before the window through the side of the 
casing has been satisfactorily formed. This procedure 
requires multiple round trips of a running string to ac- 
complish the desired objective, and thus is a time 
consuming and expensive operation. Moreover the 
reliability of prior systems in properly orienting the an- 
chor so that the whipstock will be properly positioned 
has been less than desirable. 

Such prior systems and tools have generally used 
a running string of tubing or drill pipe having individual 
joints or stands that must be threaded end-to-end as 
the tools are run into the well and then unthreaded as 
the tools are removed therefrom. Hereagain the pro- 
cedure has been time consuming and expensive, par- 
ticularly since multiple runs of the string have been 
required. 

An object of the present invention is to provide 
new and improved methods and tool combinations for 
anchoring and orienting a whipstock in a well casing 
on a single trip of a running string into and out of the 
casing, thereby obviating the foregoing problems and 
disadvantages of prior systems. 

Another object of the present invention is to pro- 
vide new and improved methods and tool systems 
wherein a whipstock is oriented and anchored In a sin- 
gle trip of a running string and where orientation data 
is measured and transmitted to the surface substan- 



tially in real time to optimize setting reliability.. 

Still another object of the present invention is to 
provide new and improved methods and tools of the 
type described that are run on coiled tubing to provide 

5 significant overall cost savings for such operations. 

The above and other objects are attained in ac- 
cordance with the concepts of the present invention 
through the provision of a combination of tool compo- 
nents including an anchor having normally retracted 

10 gripping means that automatically shift outward to 
grip the casing wall when triggered by engagement 
with an obstruction In the well bore such as a bridge 
plug, and a whipstock having an inclined deflection 
surface rigidly attached to the upper end of the an- 
ts chor. A data transmitting tool Is releasably connected 
to the upper end of the whipstock and includes an ori- 
entation measuring instrument. An indexing tool that 
is connected above the transmitting tool can be op- 
erated to change the orientation of the whipstock until 

20 surface data from the transmitting tool indicates that 
proper orientation has been achieved. The anchor 
then is lowered against the obstruction to achieve au- 
tomatic setting, whereupon the transmitter is re- 
leased from the upper end of the whipstock. Then the 

25 transmitter, indexing tool, and running string can be 
removed from the well so that a suitable milling bit and 
downhole motor can be run in and operated to form a 
window through the wall of the casing opposite the in- 
clined face of the whipstock so that a new borehole 

30 can be drilled outside the casing. The foregoing com- 
bination of tools preferably is run on coil tubing 
through which drill fluids are circulated to operate the 
transmitting tool and the indexing tool. 

The present Invention has the above as well as 

35 other objects, features and advantages which will be- 
come more dearly apparent fn connection with the 
following detailed description of a prefenred embodi- 
ment, taken in conjunctbn with the appended draw- 
ings in which: 

40 • Figure I is a schematic view of a well operation 

where a whipstock is run, oriented and set on 
coil tubing; 

• Figures 2A-D are longitudinal sectional views, 
with some portions in side elevation, of the tool 

45 string shown in Figure 1; 

• Figure 3 is a developed plan view of the index 
slot and pin of the orienting tool; and Figure 4 
is a schematic view showing a window being 
milled through the casing adjacent the inclined 

50 face of the oriented whipstock. 

Referring initially to Figure 1, a well bore 10 has 
t)een drilled into the earth and lined with a casing 11 
which has been cemented In place. Although not 
shown as such in the drawings, the wellbore 10 usu- 

55 ally is inclined with respect to the vertical so that it has 
a low side and a high skJe. For any one of a number 
of reasons it has become necessary and desirable to 
drill a new borehole outside the casing II, so that a 
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window having a particular transverse size and length 
must be formed through the casing wall at a certain 
depth. It is generally desirable that the window have 
a selected azimuth or compass heading so that the 
new borehole will avoid intersection with nearby 5 
walls, or otherwise extend toward a planned target or 
have a certain trajectory. 

To form a casing window In accordance with this 
invention, a bridge in the casing 11 is formed by set- 
ting a bridge plug 16 on a wireline, gas operated set- io 
ting tool (not shown). The plug 16, which is well 
known, has normally retracted slips and packing 
which are expanded into gripping and sealing contact 
with the surrounding casing walls in response to ac- 
tuation of the setting tool which automatically reieas- 15 
es after the plug Is fully set. A casing collar locator 
(CCL-not shown) is run above the setting tool for 
depth determination and control so that the precise 
depth of the top of the plug 1 6 with respect to the near- 
est casing collar is known. Alternatively a column of 20 
cement can be placed inside the casing, and a hole 
drilled in the cement which receives the whipstock 
and anchor as noted above. In some wells the tool 
string described below can be run through a lesser di- 
ameter production string of pipe and out into a larger 25 
diameter casing in which the plug or packer 16 is set 
or a cement column formed. 

After the plug 16 has been set at the proper 
depth, a string of tools in accordance with this inven- 
tion is lowered on a running string 1 7 which preferably so 
is coiled tubing that is wound on the reel 18 of a unit 
20. The coil tubing 17 passes over a guide 21 and into 
the top of an injector 22 that forces it into and out of 
the well under power. The tubing 1 7 goes through one 
or more blowout preventers 23 that are mounted on 35 
top of the wellhead 24 at the top of the casing II . The 
inner end of the colled tubing 17 is connected by 
pipes 9 to a mud pump 8 so that fluids can be circu- 
lated down the tubing for purposes to be described 
below. Adownhole measurement display unit 7 can be 40 
connected to a pressure transducer, as shown, for the 
acquisition of data in the form of pressure pulses in 
the fluids inside the coiled tubing 17, or an electric 
wireline can be positioned inside the coiled tubing 
and broug ht out at the center of the reel 18 via suitable 45 
connectors. Since the tubing 17 Is continuous 
throughout its length, the need to make up and break 
out numerous threaded Joints is eliminated, with con- 
siderable savings in time and expense. 

Attached to the lower end of the coil tubing 17 is so 
a suitable connector 19, a backf low control valve 25, 
and a disconnect mechanism 26. An adapter 27 can 
provide a crossover to the upper end of a string of drill 
collars 28, which are optional, and the lower end of 
these collars is attached by another crossover 29 to 55 
an Indexing tool 30. A measuring-while-drilling 
(MWD) tool 32 providing either mud pulse or wireline 
telemetry of data is attached to the lower end of the 



device 30 and is releasably connected by a shear re- 
lease device 33 to the upper end of a whipstock 34 
having an anchor assembly 35 on its lower end. Al- 
though further structural details of each of the com- 
ponents 30-35 will be set forth below, their respective 
general functions are as follows. The anchor 35 can 
be set to grip the casing 11 and prevent downward 
movement upon being triggered by engagement with 
the top of the bridge plug 1 6. When set the anchor 35 
provides support for the whipstock 34 which has an 
inclined concave deflection surface 41 that guides a 
rotating milling bit and forces It outward as It forms a 
window through the wall of the casing 11 opposite the 
inclined surface. 

The shear release device 33 Includes a frangible 
element that is designed to shear off when a prede- 
termined level of longitudinal force Is applied thereto 
so that the MWD tool 32 and the indexing tool 30 can 
be retrieved from the well after the whipstock 34 and 
the anchor 35 have been oriented and set. The MWD 
tool 32 functions to transmit signals to the surface, for 
example in the form of pressure pulses in the mud 
stream being circulated down the coiled tubing 17. Al- 
though such pulses can represent any downhole 
measurement, in this case the measurement is the 
toolface angle of the deflection surface 41 of the 
whipstock 34. As used herein the terms "toolface "_ or 
"toolface angle' mean the angle as viewed from 
above between a reference radial line off the axis of 
the borehole that passes, for example, through the 
low side of the inclined borehole 10, and a similar ra- 
dial line which extends at a right angle to the deflec- 
tion surface 41. Thus toolface gives the general out- 
ward directton In which a bit will drill as It moves down- 
ward along the deflector surface 41. An instrument 
that can be used to measure toolface is an incMnom- 
eter package whose output signals are fed to a con- 
troller in the MWD tool 32 which varies the rotational 
speed of a rotary valve element or 'siren' therein so 
that it interprets the mud flow in a certain way and 
generates pressure pulses that are representative of 
the inclinometer output signals. The pulses travel 
very quickly to the surface through the fluid in the coil 
tubing 17 where they are detected by a transducer, 
processed, and displayed and/or recorded so that the 
orientation of the whipstock 34 is available at the sur- 
face substantially in real time. As noted above, a wire- 
line MWD tool also can be used. 

The Indexing tool 30 can take various forms such 
as a swivel coupling having an Internal spring load in- 
dexing sleeve that is slidably splined to the lower 
member of the coupling. Often systems including an 
electrical motor and gear drive, or an electro-hydraul- 
ic device with a pump and gear drive also could be 
used. In the disclosed embodiment, a channel system 
such as a continuous jay-slot on the sleeve cooper- 
ates with a radial index pin on the upper coupling 
niember causes the lower member to Index through 
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a selected angle as the sleeve shifts vertically. Vert- 
ical movement can be caused by temporarily increas- 
ing the flow rate through the coiled tubing 17. The dis- 
connect 24 also can take various forms, and for exam- 
ple can include a shear release device that is disrupt- 5 
ed to allow the coiled tubing 17 to be removed from 
the well in case the tools become stuck for any rea- 
son, so that conventional fishing tools can be run to 
catch and retrieve the stuck tools. 

Turning now to Figures 2C and D for a detailed io 
description of the whipstock and anchor assemblies 
34, 35, the whipstock includes an elongated, gener- 
ally cylindrical body 40 having a downwardly and out- 
wardly inclined surface 41 which deflects a drill bit 
outward as It moves downwardly therealong. The In- 15 
cllnation angle between the surface 41 and the long- 
itudinal axis of the body 40 can be in the range of from 
about 1-4"' in a typical example. As shown by the 
phantom lines, the surface 41 can be concave in sec- 
tion so that a rotating mill tends to remain centered 20 
thereon. The bottom end of the body 40 is connected 
by a threaded pin 42 to a companion threaded box 43 
on the upper end of the anchor 35, or these members 
can be integral. The anchor assembly 35 includes an 
expander member 44 having a flat surface 45 on one 25 
side that inclines downward and inward, and opposite 
facing L-shaped guide rails 46 are fixed along the 
sides of the surface 45. A slip member 47 having an 
inclined rear face 48 and an arcuate outer face 49 is 
slidably arranged on the surface 45, and has notched 30 
side edges that cooperate with the guide rails 46 to 
maintain longitudinal alignment. Downwardly facing 
serrations or teeth 50 on the outer face 49 of the slip 
member 47 are adapted to bite into and grip the wall 
of the casing II when shifted outward into engage- 35 
ment therewith by upward movement along the ex- 
pander 44. 

The lower end of the expander 44 Is threaded at 
51 to a hollow barrel 52 which has a cap 53 threaded 
to its lower end. Atrip rod or bar 54 having an enlarged 40 
diameter shoe 55 on Its lower end extends through a 
central opening 56 in the cap 53 and into the inside 
of the barrel 52 where a plunger plate 57 is fixed on 
its upper end. A compressed coil spring 58 reacts be- 
tween the lower face 59 of the plate 57 and the upper 45 
face 60 of the cap 53. The spring 58 is normally com- 
pressed as shown, and is held compressed by a shear 
pin 61 that extends through radially aligned holes in 
the cap 53 and the rod 54. A setting pin 62 whose low- 
er end is threaded into an offset bore on the plate 57 50 
has an upper portion 63 that extends through a radi- 
ally offset bore 64 in the lower end portion of the ex- 
pander 44, and an upper end face 65 that engages a 
lower end surface 66 of the slip member 47. The pin 
62 has an upwardly and outwardly inclined inner wall 55 
65 having a taper that generally matches the taper on 
the expander surface 45. 

When the shoe 55 engages an obstruction in the 



well bore, such as the bridge plug 16 (Fig. 1), and a 
predetermined amount of downward force is applied 
to the barrel 52, the rod pin 61 will shear and allow the 
spring 58 to exert upward force on the slip member 
47. Such force shears a screw 67 which Initially holds 
the slip member 47 retracted, and then expansion of 
the spring 58 drives the setting pin 62 relatively up- 
ward so that It pushes the slip member 47 upward 
along the expander surface 45 and thereby causes 
the slip member to extend. When the teeth 50 which 
preferably face downward grip the casing wall, the as- 
sembly 35 Is anchored against downward movement 
in a manner such that downward force on the whip- 
stock 34 and the expander 44 will cause additional 
outward pressure on the slip member 47 which tight- 
ens the setting thereof. 

As shown at the top of Figure 2C, the upper end 
of the whipstock body 40 is releasably coupled to the 
lower end of the MWD tool 32 by a shear release 
mechanism 33 which allows the tool string compo- 
nents above such mechanism and the coil tubing 17 
to be removed from the well after the whipstock 34 
has been oriented and set. The release mechanism 
33 can Include a sleeve 70 having a depending arm 

71 on one side that is connected to the upper portion 

72 of the whipstock body 40 by a shear stud 73 that 
extends through hole in an arm 71 and Into a threaded 
bore 74. The stud 73 fs designed to shear off when a 
downward or upward force of a certain magnitude is 
imposed thereon. When the stud 71 shears, the arm 
71 and all components thereabove are free to be 
raised upward in the well bore, leaving the whipstock 
assembly 34 and the anchor assembly 35 in place. 

As shown in Figure 2B, the MWD tool 32 Includes 
a tubular housing or collar 78 having a telemetry sys- 
tem 79 mounted therein. Where the tool 32 is a mud 
pulse system rather than wireline, the system 79 has 
a rotary valve element 80 on its upper end which cre- 
ates pressure pulses in the stream of circulating drill- 
ing fluids being pumped downward therethrough. The 
operation of the valve 80 is modulated by a controller 
81 in response to electrical signals from a cartrkJge 
82. The flow of drilling fluid rotates a turbine 83 which 
drives a generator 84 that provides electrical power to 
the system. The pulses in the mud stream generated 
by the rotary valve 80 are detected at the surface, 
processed and displayed or recorded so that down- 
hole measurements are availabfe at the surface sub- 
stantially in real time. Further details of the mud pulse 
telemetry system described above are disclosed in 
U.S. Patents Nos. 4,100,528, 4,103,281 and 
4.167,000 which are incorporated herein by refer- 
ence. 

The input signals to the cartridge 82 which enable 
practice of the present invention are from a package 
of sensors located In the measurement section 85 at 
the lower end of the tool 32. Such package includes 
three orthogonally mounted accelerometers 86 which 
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measure components of the earth's gravity field and 
provide output signals representative thereof. The 
sensitive axes of the acceleronneters are referenced 
to the inclined face 41 of the whipstock so that such 
signals define the toolface angle of such surface. The 5 
housing of the section 85 and the outer housing 78 of 
the MWD tool 32 preferably are made of a material 
such as monel steel to reduce interference. Although 
the MWD tool 32 shown has the inner assembly 
mounted in the housing 78 at the surface prior to run- io 
ning the tool string into the well 10, the inner assembly 
could be an electric wireline powered device that Is 
seated in the housing. In this case the measurement 
data also is transmitted to the surface over the wire- 
line. 15 

The top of the MWD tool 32 is attached to the ori- 
enting mechanism 30 by threads 88. The mechanism 
30 includes a swivel formed, for example, by a lower 
tubular housing 90 having an outwardly directed 
flange 91 on its upper end that fits into an internal an- 20 
nular recess on an upper tubular housing 92. A seal 
ring 89 prevents fluid leakage. An Index sleeve 93 is 
slidably mounted within the housings 90 and 92 and 
has a lower section 94 with external splines 95 which 
mesh with splines in the lower housing 90 to couple 25 
the sleeve to the lower housing. An upper section 96 
of the sleeve has a continuous jay-slot channel sys- 
tem 97 (Fig. 3) formed on its outer periphery which co- 
operates with a radial index pin 98 on the upper hous- 
ing 92 to cause predetermined angular rotation of the 30 
lower housing 90 in response to longitudinal move- 
ment of the index sleeve 93. To effect such longitudi- 
nal movement, an annular head 99 on the upper end 
of the sleeve 93 has a reduced bore 100 through 
which drilling fluids pass during circulatk>n, and a pre- 35 
loaded or compressed coil spring 101 biases the in- 
dex sleeve 93 upward. A seal ring 102 prevents leak- 
age past the outer periphery of the head 99. The 
spring 1 01 reacts between the lower end of the sleeve 
93 and a retainer ring 1 03 on the housing 90. The size 40 
of the bore 100 and the rate of the spring 101 are se- 
lected such that at low fluid circulation rates the 
sleeve 93 remains in its upper position as shown, 
where the index pin 98 is in a lower one of the pockets 
1 03. However when the circulation rate is increased 45 
to a normal flow rate, downward force on the head 99 
overcomes the spring bias and causes the sleeve 93 
to shift downward. On each downward movement, 
the pin 98 engages an inclined uppersurface of chan- 
nels 102 to cause the lower housing 90 to rotate so 
through a selected angle that is defined by the angu- 
lar separation between adjacent pockets 103, 104. 
Then when the flow rate is reduced, the spring 101 
shifts the sleeve 93 back up to position the pin 98 in 
the next lower pocket 103. During upward sleeve 55 
movement, the sleeve 93 is indexed through an addi- 
tional angle by engagement with an upwardly facing 
Inclined surface 105. The total angle in response to 



the flow rate change cycle is the angle q shown in Fig- 
ure 3. The angle q can be any one of a range of low 
angles, and in a preferred embodiment is about 30''. 
As the sleeve 93 and the lower housing 90 rotate, so 
do all tools therebelow including the MWD tool 32, the 
whipstock 34 and the anchor 35. 

The top of the orienting tool 30 is connected by 
an adapter 29 to the bottom joint of the string of drill 
collars 28 (Fig. 2A) which supply the weight neces- 
sary to operate the various shear release mecha- 
nisms. Alternatively the drill collars can be omitted 
and downward push of the coiled tubing 17 used to 
shear the release mechanisms. The upper end of the 
collars 28 is attached by an adapter 27 to a release 
mechanism 26 which is a safety feature that allows 
the coiled tubing 17 to be released from the collars 
and tool string in case they get stuck in the well for 
any reason. The mechanism 27 can take various 
forms, for example a tension operated system of con- 
centric sleeves held by one or more shear pins. One 
of such sleeves can provide a ball seat so that a 
pump-down ball element can be used to allow a force 
due to pressure differential to t>e applied to the shear 
pins. Above the mechanism 26 is a back-flow control 
system 25 of flapper valves that automatically close 
when disconnect occurs to prevent back flow of fluid 
into the bottom end of the coil tubing 17. A conven- 
tional connector 19 which can include a grapple or set 
screw connector is used to attach the upper end of the 
valve system 25 to the lower end of the coiled tubing 
17. 

In operation, the bridge plug 16 shown in Figure 
1, a setting tool therefor, and a casing collar locator 
(CCL) are run into the well casing 11 on electric wire- 
line and the bridge plug set about 5 feet above the 
casing collar that is nearest the desired kick-off point. 
In some cases a packer can be used. The CCL is used 
for precise depth control in setting the plug 16. Then 
the whipstock 34 shown in Figure 2C is made up to 
the anchor assembly 35 of Figure 2D, and the coil 
spring 58 In the lower portion of the barrel 52 is com- 
pressed by pulling outward on the rod 54 to allow the 
shear pin 61 put in place to retain the spring in com- 
pression. The MWD tool 32 shown in Fig. 2B then is 
attached to the top of the whipstock body 40 by the 
shear stud 73 and the arm 71 which depends from the 
sleeve 30, and the orienting tool 30 is threaded to the 
upper end of the MWD tool. The sensors 86 are ref- 
erenced to the orientation of the deflection surface 41 
of the whipstock 34. The drill collar string 28 is thread- 
ed to the top of the orienting tool 30, and the adapter 
27, the disconnect device 26, the back flow valve 25 
and coiled tubing connector 19 couple the collar 
string to the lower end of the coiled tubing 17. 

The injector 22 is installed on tile well head 24 at 
the surface and the string of tools is run into the well 
casing 11 on the outer end of the coiled tubing 17. 
From the point that the bottom foot 45 of the anchor 
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35 is about 35-40 feet above the bridge plug 16, the 
tool string is lowered very slowing until the foot tags 
the top of the plug. The coiled tubing depth indicator 
at the surface should be compared with the wireline 
depth reading made where the GCL was run. Then the 5 
tool string is raised until the foot 45 is about 2 ft. 
above the plug 16^ and circulation is initiated to oper- 
ate the MWD tool 32 and obtain a surface reading at 
the display 7 of the toolface of the whipstock deflec- 
tion surface 41. To change the angle until it substan- io 
tially corresponds with a selected azimuth, for exanv 
pie the azimuth of the high sideof the borehole 10, the 
mud circulation rate is cycled as noted above to op- 
erate the orienting tool 30. As flow is increased the in- 
dex sleeve 93 is rotated by the pin 98 through a small 15 
angle as it shifts down, and through an additional 
small angle as it is shifted upward by the spring 101 
as flow rate Is reduced. Sleeve rotation is coupled by 
the splines 95 to the lower housing 90 and thus to the 
MWD tool 32, the whipstock 34 and the anchor 35. As 20 
noted above, each increment of angular change can 
be about 30'', or less depending upon the angular 
spacing of the pockets 103. During each change in 
angular orientation, pressure pulses representing the 
measurements made by the inclinometers 86 in the 2S 
MWD tool 32 are telemetered uphole. Flow rate 
change cycles are repeated until a selected azimuth 
of the deflection surface 41 is obtained, and then the 
tool string is lowered until the shoe 55 rests on the top 
of the bridge plug 16. Then about 4-5000 lbs. of down- 30 
ward force is applied to shear the pin 61 in the anchor 
35 and thus trigger its setting. The slip element 47 is 
shifted upward and outward against the inner wall of 
the casing 11 by expansion of the spring 58 and up- 
ward movement of the rod 62. The force of the spring 35 
58 also shears the slip retaining screw 67. The orien- 
tation of the whipstock face 41 can be reconfirmed af- 
ter the anchor 35 fs set by operating the MWD tool 32 
and viewing the surface indication 7 provided by the 
mud pulse telemetry of signals. 40 

Then a force of about 15,000 lbs is applied. Such 
force can be due either to an upward pull on the coil 
tubing 17 by the injector 22. or a downward push 
thereon by the injector. In either case the shear stud 
73 (Fig. 20} is disrupted so that the MWD tool 32 is 45 
released from the whipstock 34 and the anchor 35. 
Once this has occurred, the surface pump 8 can be 
shut down to stop circulation, and the remaining tools 
of the string pulled out of the well with the coiled tub- 
ing 17 and laid down. so 

To mill an elongated window 112 or opening 
through the wall of the casing II at the level of the 
whipstock 34 so that a new borehole can be drilled 
outside the casing, a starter mill (not shown) can be 
run in on a drill orworkstring. As the mill is rotated it ss 
slides down along the deflector surface 41 and cuts 
a pilot window opening through the wall of the casing 
II. Then a combination of a window mill 105 and 



a 'watermelon' mill 106 are connected in tandem and 
attached to the bit box 107 of a mud motor 108 as 
shown in Figure 4. The motor 1 08 preferably is a Moi- 
neau-type device where a helical rotor revolves within 
a lobed stator in response to flow of drill fluids under 
pressure through it. The lower end of the rotor is con- 
nected to a bearing mandrel and the bit box 107 by a 
drive shaft having universal joints at each end. The 
upper end of the motor 107 is connected to a string 
of drill coWars 110 which provide weight on the milling 
bits 105, 106, and the upper end of the collar string 
110 is connected to the lower end of the colled tubing 
17 (not shown) as previously described. The forego- 
ing drilling tool assembly is run into the well 10 until 
the bits 105, 106 are just above the top of the whip- 
stock 34, at which point mud circulation is started at 
a rate that achieves a desired bit rpm, for example 
about 220. Then the assembly is lowered and weight 
applied to cause the bits 1 05, 106 to mill out the win- 
dow 112 to Its full size opposite the inclined face 41 
of the whipstock 34. After the window 112 has been 
milled cleanly through, drilling should be continued 
into the formation outside the casing II for about an- 
other 15 feet. Once this has been accomplished, the 
drilling tool assembly is pulled out of the well 10 and 
a larger and more powerful drill motor having rolling 
cutter bit, or a diamond bit, is used to drill the balance 
of the new borehole. Where the new t)orehole is to be 
drilled directlonally by curving It along a selected 
path.' a drilling motor having a bent housing that pro- 
vides a bend point can be used to drill to the desired 
target. 

It now will k>e recognized that new and improved 
methods and tool combinations have been disclosed 
for orienting and setting a whipstock in a well casing 
on a single trip of a running string. Certain changes 
or modifications may be made in the disclosed em- 
bodiment without departing from the inventive con- 
cepts involved. For example it is within the scope of 
this invention to run the mud motor 108 below the 
MWD tool and have a starter mill on the output shaft 
of the motor which is releasably connected to the 
whipstock 34 by the release device 33. In this case an 
additional round trip of the running string can be 
avoided. Thus it is the aim of the appended claims to 
coverall such changes and modifications falling with- 
in the true spirit and scope of the present invention. 



Claims 

1, A method of orienting a whipstock so that a win- 
dow can be formed at a selected azimuth through 
the wall of a well casing, comprising the steps of: 
lowering a whipstock having a deflection surface 
and an anchor therefor Into the well casing on a 
running string ; measuring the azimuth of said 
deflection surface and transmitting signals rep- 
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resentative thereof to the surface; adjusting the 
angular orientation of said deflection surface to 
obtain a selected azimuth; and then actuating 
said anchor to prevent movement of said whip- 
stock. 5 

2. The method of claim 1 wherein said measuring 
and transmitting step is carried out by instrumen- 
talities that are releasably connected to said 
whipstock and anchor, and including the further io 
step of releasing said instrumentalities from said 
whipstock and anchor after said adjusting and ac- 
tuating steps have been performed; and retriev- 
ing said instrumentalities to the surface with said 
running string, leaving said whipstock and anchor is 
in place. 

3. The method of claim 2 including the further steps 
of lowering a milling device and a downhole motor 

for driving said milling device into the casing on 20 
a running string; and while guiding said milling 
device with said deflection surface, operating 
said motor to cause said milling device to form a 
window through the wall of said casing. 

25 

4. The method of claim 3 Including the further steps 
of retrieving said motor and milling device from 
said casing; running a drill bit and a downhole mo- 
tor into said casing and at least partially through 
said window; and operating said motor to cause 3o 
said bit to drill a new borehole through the cement 

and earth formations outside said casing. 

5. The method according to any of claims 1 to 4 
wherein said orientation adjusting step is carried 35 
out by rotating said whipstock through succes- 
sive angular positions while monitoring said pos- 
itions by said transmitted signals. 

6. The method of daim 5 wherein said rotating step 40 
is carried out in response to changing in the rate 

of flow of drilling fluid through said running string. 



the orientation of said deflection surface to deter- 
mine when said deflection surface has a selected 
azimuth; downhole means for transmitting the 
measurements of said measuring means to the 
surface during said orientation; and means for 
setting said anchor means to fix the position of 
said whipstock means where said azimuth has 
the desired value. 

9. The apparatus of claim 8 wherein said adjusting 
means includes relatively rotatable members, 
said whipstock and anchor means being sus- 
pended from one of said members; and means 
for causing relative rotation of said one member 
through successive angles until said deflection 
face has said selected azimuth. 

10. the apparatus of claim 9 wherein said rotation 
causing member means includes a sleeve mem- 
ber movable longitudinally relative to said mem- 
bers, and indexing means on said sleeve member 
and the other of said members for rotating said 
sleeve member and one member through a se- 
lected angle in response to relative longitudinal 
movement 

11. The apparatus of claim 10 further including flow 
restriction means on said sleeve member for 
causing movement in one longitudinal direction in 
response to an increase in the rate of drilling fluid 
flow through said restriction means; and resilient 
means for causing movement in the opposite 
longitudinal direction in response to a reduction 
in said rate of flow. 

12. The apparatus according to any of claims 8 to 11 
further including means for releasably connect- 
ing said transmitting means to said whipstock 
and anchor means to enable said transmitting 
means, measuring means, and adjusting means 
to be removed from the well casing after setting 
of said anchor means. 



7. The method of claim 6 wherein each changing 

step includes the steps of increasing and then de- 45 
creasing said rate of flow, and in response to 
each increase and decrease, indexing said whip- 
stock and anchor through a selected angle. 



13. The apparatus of claim 1 2 wherein said connect- 
ing means includes a shear member adapted to 
be disrupted in response to a predetermined 
longitudinal force. 



8. Apparatus for use in forming a window at a select- so 
ed azimuth through the wall of a well casing so 
that a new borehole can be drilled through earth 
formations outside the casing, comprising: whip- 
stock and anchor means adapted to be lowered 
into the casing on a running string, said whip- 55 
stock means having a deflection surface; means 
for adjusting the angular orientation of said de- 
f lectton surfiace downhole; means for measuring 
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FIG. 2D 

FIG. 4 
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